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SELF BACK-FLUSHING MAGNETIC SEPARATOR

PROCESS -

This is a division, of application_Ser.._No. 39._.—671, filed

May 16, 1979 abandoned, which was a continuation of

application Ser No 912 542 ﬁled June 5, 1978 aban-
doned. | | | ”

FIELD OF INVENTION |

This invention relates to a method of self-flushing of

a magnetic separator and a self—ﬂushlng magnetrc sepa-
rator apparatus. - |

BACKGROUND OF INVENTION

back-flushing through the matrix; introducing the flush

fluid through the outlet at the downstream end of the
matrix and recovering it at the inlet after exit from the
~ upstream end. The flush fluid is stored in a holding tank

downstream of the separator and may be either the fluid
output from the separator or an externally supplied
cleansing fluid. This requires an additional pipeline to

interconnect the holding tank with the outlet of the

separator if a separate cleaning fluid is used, or an en-
~ larged collection pipe if the fluid collected from the
separator is used for flushing. In either case the pipe
requires at least two bends if, as 1s norma]ly necessary,

3

10

- 2
ing the need for a high-pressure holding tank and driv-

ing fluid and the need for a perturbation agent.
1t is a further object of this invention to provide an

improved, more compact, less expensive, simpler and

more efficient self-flushing magnetic separator system.

- The invention results from the realization that the
flush fluid holding tank, connecting pipes of enlarged
diaméter, and the associated losses may be totally elimi-
nated by accumulating in the magnetiC separator itself
the flush fluid to be used to flush the matrix, and that in

- high-temperature and pressure systems the drive fluid

and perturbing agent may be eliminated and the flush
achieved by means of boiling action wherein the in-

~ " creasing vapor volume drives the flush fluid self-pertur-
15 |
Presently magnetic separators may be cleaned by |

bated by the boiling action. o
- The invention features a self-flushing magnetic sepa-

- rator method. The medium to be separated is fed to one

20
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the holding tank is not to interfere with access to.the 10

separator. These bends severely reduce the energy of
the ﬂushlng flow and the added length or diameter of

the outlet pipe increase the apparatus cost. The high-en- |

~ergy fluid flow approachmg the downstream end of the

matrix through the outlet also requires some type of

baffle in or at the outlet to distribute the flush flmd over
the entire matrix area, and not just the area beneath the
outlet. This further depletes the energy of the fluid at

the matrix. The flushing fluid, be it externally or inter-

nally derived, is normally driven out of the holdlng tank

“end of the matrix in a container and the separated fluid
is'collected at the other end of the matrix. At least one

matrix volume of fluid is accumulated in a chamber
adjacent one of the ends of the matrix. The flow of the
medium through the matrix is stopped. There is intro-

duced to -the chamber pressurized drive fluid and the

other end of the matrix is vented to urge the accumu-
lated fluid to move through and flush the matrix.
Alternatively, when the system is operated with a
liquid feed medium sufficiently above ambient pressure .
and temperature, there is no need for the introduction of

a pressurized drive fluid to urge the accumulated fluid

through the matrix. Under those circumstances, venting

the matrix lowers the pressure in the vessel and causes
the accumulated liquid to flash or boil and establish
increased vapor volume with the boiling liquid to drive

- it through the matrix and flush the ‘matrix with the

40

and back into and through the matrix by a surge of -

high-pressure fluid such as air. This requires another
| :holdrng tank to store the pressurrzed driving fluid. To
improve the flushing action, air or some other fluid is
- distributed through the flush fluid by means of nozzles

or the like in the outlet pipe to perturb the flush fluid.
However, the means for distributing the perturbing
agent in the outlet interferes with and further impedes

‘the flush fluid on the way to back-flush the matrix and

is relatively ineffective in mixing the perturbmg agent
Wlth the flush fluid. .

SUMMARY OF INVENTION

It is therefore an object of this mventlon to. provzde
an improved, simpler, less expensive and more effective

ﬂushlng method for a magnetic separator. |
1t is a further object of this invention to provide such

a method which eliminates the need for additional flush
fluid storage means, interconecting conduit and baffles,

and increases the avallable energy of the ﬂush fluid at

‘the matrix. | -
1t is a further ob_]eet of thlS mventlon to prowde such

a method which in one variation enables broader intro-

duction of a perturbation agent in the flush. fluid with-

out baffles or similar elements.

It is a further object of this 1nventron to prowde such
‘a method which in another variation enables high-pres-
- sure ﬂushmg with perturbed ﬂush ﬂu1d whlle ehmmat-'

bmllng liquid.
The 1nvent10n also 1ncludes an apparatus in the form

of a self-ﬂushmg magnetlc separator system capab]e of

‘carrying out the inventive method. The system includes

a container and matrix means including a matrix fixably

disposed in the container. A chamber in the container
adjacent one end of the matrix has a volume of at least

one matrix volume for accumulating fluid. There are

~ valve means. at each end of the container for stopping

45
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feed flow through the matrix, trapping the fluid in the
chamber and venting the matrix for flushing.
The system may also include a high- pressure' source

~ of perturbing fluid, a distributor disposed in the cham-

ber for distributing the perturbing fluid, and means

“interconnecting the distributor with the high-pressure

source for introducing the perturbing fluid at high pres-
sure into the flush fluid. The container may include a
housing, a cover; and means for fastening them to-
gether; and the matrix means may further include first

‘and second pole members, one disposed proximate one

55

end of the matrix and fixed to the housing, the other

- disposed proximate the other end of the matrix and

60

fixed to and spaced from the cover with the chamber in

_'between that pole member and the cover; and the ma-
- trix fixed in position. | |

DISCLOSURE OF PREFERRED EMBODIMENT

Other objects, features and advantages will occur

| from the. following descrlptlon of a preferred embodi-

65

ment and the accompanying drawings, in which:
"FIG..1is a schematic diagram of a self-ﬂushmg mag- -
netic separator system according to this invention;
FIG. 2'is a more detailed plan view of a drstrlbutor o

| _'shown in FIG 1;
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FIG. 3 is a more detailed diagrammatic cross-sec-
tional view of the magnetic separator portion of the
system of FIG. 1; |

FIG. 4 is a chart showing one self-contained flushing
method according to this invention; and

FIG. 5 shows an alternative self-contained flushing
method according to this invention.

The invention may be accomplished with a self-con-
tained back-flushing magnetic separator system includ-
ing a container with an inlet and outlet, including a

matrix fixably disposed in the container. There i1s a
chamber in the container adjacent the downstream end
of the matrix between the matrix and the outlet, which
chamber has a volume of at least one matrix volume,

10

4

Alternatively, a self-contained back-flushing method
may be used for liquid feed sufficiently above ambient
pressure and temperature, in which the feed is delivered
and the separated liquid collected at above ambient
pressure and temperature. Accumulated adjacent the
downstream end of the matrix between the matrix and
outlet is at least one matrix volume of the separated

liquid at above ambient pressure and temperature. The
outlet is closed to trap the accumulated separated liquid
between the matrix and the outlet. The flow of the

medium at the upstream end of the matrix is stopped
and the upstream end of the matrix is vented to lower
pressure, causing the accumulated liquid to boil and
establish increased vapor volume downstream of the

preferably two or more, for accumulating fluid from the 15 boiling liquid to drive it upstream through the matrix

matrix. A first valve means at the outlet downstream of
the chamber controls flow from the chamber, and a
second valve means at the inlet upstream end of the
matrix controls the feed flow to the matrix and back-
flush flow from the matrix.

The system may also include a high-pressure source
of a perturbing agent or fluid, a distributor disposed 1n
the chamber for distributing the perturbing agent or
fluid, and means interconnecting the distributor with
the high-pressure source for introducing the perturbing
fluid at high pressure into the flush fluid.

Structurally, the container may include a housing and
a cover with means for fastening together the housing
and cover. The matrix means further may include first
and second pole members, one disposed proximate one
end of the matrix and fixed to the housing, the other
disposed proximate the other end of the matrix and
fixed to and spaced from the cover, with the chamber
formed between the cover and that pole member. Each
of the pole members includes holes or other passages
through which the fluid passes to and from the matrix.
Preferably the container and matrix are oriented verti-
cally with the chamber above the matrix.

The method of the invention includes a back-flushing
method which includes feeding the medium to be sepa-
rated through an inlet to the upstream end of a matrix
and collecting the separated fluid through an outlet
from the downstream end of the matrix. The method
also includes accumulating at least one matrix volume
of the separated fluid adjacent the downstream end of
the matrix between the matrix and the outlet and then
closing the outlet and entrapping the accumulated fluid
between the matrix and the outlet.

The flow of the medium to the upstream end of the
matrix is stopped. There is introduced pressurized drive
fluid at the outlet and the upstream end of the matrix is
vented to a flush outlet to urge the accumulated fluid to
move upstream and back-flush the matrix. A perturbing
fluid may be introduced into the accumulated flushing
fluid at increased pressure to increase the turbulence in
the flushing fluid as it back-flushes the matrix.

In one embodiment the feed flow is in the range of
900 m3 per hour, and it is desired to reduce from 100
ppm to 10 ppm impurities in the flue gas scrubber efflu-
ent at normal ambient pressure, 1 atmosphere, and tem-
perature, 20° C. Air may be used as the drive fluid at 5
atmospheres pressure to move the flush fluid through
the matrix. Air at the same § atmosphere pressure from
the same storage tank having a flow of 1000 m3 per hour
standard may be used to perturbate the flush fluid, re-
sulting in a back-flush flow of an approximately equal
mixture of air and flush fluid at 8000 m? per hour.
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and back-flush the matrix with the self-perturbed boil-
ing hquid.

By sufficient pressure and temperature above ambient
is meant a range of combinations of temperature and
pressure at which the internal energy of the liquid 1s
adequate to produce flashing or boiling as the system
pressure is decreased toward ambient or whatever pres-
sure to which the system is flushed. Consequently a unit
volume of liquid is converted to many units of volume
of vapor, whereby this increasing volume of vapor
drives the boiling liquid through the matrix.

For example, with a flow rate of 900 m3 per hour at
1000 psia and 475° F., a decrease in pressure to 540 psia,
approximately the saturation point of water at 475° F.,
causes the boiling to begin and a large vapor volume to
be created. The violent turbulence associated with the
boiling helps clean the matrix, and the increasing vol-
ume created above it forces the boiling liquid/vapor
mixture down through the matrix. When the pressure
drops to approximately 400 psia under these conditions,
the fluid contained in the container is essentially all
vapor and the flushing process can be stopped and the
feed cycle begun again. |

There is shown in FIG. 1 a self-contained back-flush-
ing separator system 10 which includes separator 12 and
a drive fluid storage tank 14. Separator 12 includes a
container 16 having an inlet 18 and an outlet 20. An
outlet valve 22 controls flow out of container 16, while
an inlet feed valve 24 controls flow of feed in inlet 18
and a flush outlet valve 26 controls the exit of back-
flush fluid through inlet 18. The valve means 24 and 26
could be supplanted by a single two-way valve if de-
sired. Separator 12 includes a matrix unit 29 having a
lower inlet pole member 28 and upper outlet pole mem-
ber 30 with matrix 32 between them. The magnetic field
in matrix 32 is supplied by annular electromagnetic coil
34 through magnetic return frame 36 which includes
lower, 38, and upper, 40, plates, annular extensions of
pole members 28 and 30, respectively, and a circumfer-
ential member 42. Feed entering inlet 18 flows into
plenum 44 through holes 46 in inlet pole member 28,
through matrix 32 and out through holes 48 in outlet
pole member 20, where the separated fluid is collected
in chamber 50, which is at least equivalent to one matrix
volume and preferably is capable of accumulating two
or more matrix volumes. Drive fluid storage tank 14 has
associated with it a drive fluid conduit 52, through
which the pressurized drive fluid is delivered to inlet 20
under the control of valve 54. The drive fluid storage
tank 14 may also be used as the supply of the perturbing
agent or fluid through conduit 56, whose output to
distributor 58 is controlled by valve 60.
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In operation, flush valve 26 is normally closed and
feed valve 24 open, allowing feed to move through inlet
18 and through matrix 32. After separation, the sepa-
~rated fluid accumulates in chamber 50 and is collected
in outlet 20 through open outlet valve 22. Periodically,
when a matrix becomes loaded the magnet is de-ener-
gized, outlet valve 22 is shut, feed valve 24 is shut, flush
valve 26 is opened, and valve 54 is opened, permitting

high-pressure drive fluid to be introduced to chamber

50, driving the accumulated fluid in chamber 50 back
upstream from the downstream side of matrix 32 to the
upstream side of matrix 32 and out through flush outlet
valve 26. |

If desired, a perturbing agent or fluid such as the
drive fluid itself, for example air, is introduced through
distributor 58 to the separated fluid in chamber 50 in
order to increase its turbulence as it moves backward
from the downstream 31de to the upstream side of ma-
trix 32.

Alternatwely, dlstrlbutor 58, valve 60, conduit 56,
valve 54, and conduit 52, along with storage tank 14,
may be eliminated when system 10 is being operated at
high temperature and high pressure. In that case, after
the closing of valves 22 and 24 the opening of flush
valve 26 causes boiling to occur in container 16. The
boiling provides its own perturbing influence to in-
crease the turbulence of the fluid in matrix 32. The
increasing vapor volume developed in container 16 by
the boiling action drives the boiling fluid back from the
~ downstream side to the upstream side of the matrix.

Distributor 58, FIG. 2, may include an inlet portion
§9 interconnected with conduit 56 through valve 60 and
a main conduit 62 and a number of additional conduits
64, 66, and 69 fed by main conduit 62 through a distribu-
tor head 68. Each of conduits 62, 64, 66 and 68 includes
a plurality of holes 70 through which the perturbing
fluid 1s introduced into the ﬂushmg ﬂu1d accumulated in
chamber S0. -
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In FIG. 3, where like parts have been shown with like

numbers accompanied by a lower case a with respect to
FIG. 1, magnetic separator 122 is shown formed of a
container 16¢ which includes a housing 80 and cover 82
attached by bolts 84 through their respective flanges 86,
88. Pole member 28a of matrix unit 29q is fastened di-
rectly to housing 80, such as by welding in areas 90.
Pole member 30g is fixed to and spaced from cover 82
by means of longitudinally oriented T-shaped steel gird-
ers 92 which are welded at their lower ends to pole

4()
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flushing fluid, 114, to increase the turbulence of thIS
fluid as it is back-flushed through the matrix. |
~ Alternatively, in high-temperature hlgh—pressure 0p-
erations, an improved method similarly requires that
feed be delivered to the matrix through the inlet 120 and |

- the separated fluid collected at the outlet 122. An accu--

mulation of the equwalent of at least one matrix volume
or more is made between the downstream side of the

matrix and the outlet 124. Periodically, when the matrix
efficiency suffers from loading, the magnet is deener-

‘gized, the outlet is closed, 126, and the flow of feed is
stopped, 128. The matrix is then slowly vented to an

outlet 130 to cause the accumulated fluid to boil, both in
the accumulation chamber and in the matrix. The boil-
ing increases the turbulence, an aid in cleansing the
matrix, and also produces increasing vapor volume
above the boiling liquid which forces it back through

the matrix and out through the flush outlet, 132. |

Other embodiments will occur to those skllled in the
art and are within the following claims:

What is claimed is:

1. A self-flushing magnetle separater method com-
prising: feeding above ambient pressure and tempera-
ture a liquid medium to be separated to the upstream
end of a ferromagnetic matrix; establishing a magnetic
field in said matrix; collecting the separated liquid
above ambient pressure and temperature at the down-
stteam end of the matrix; accumulating at least one
matrix volume of the separated liquid at above ambient
pressure and temperature adjacent said downstream end
of the matrix; stopping feeding to the upstream end of
the matrix, trapping the accumulated separated liquid;
removing said magnetic field; and venting the upstream
end of the matrix to lower pressure to cause the accu-
mulated liquid to boil and establish increased vapor
volume to drive the boiling liquid through the matrix,
and back-flush the matrix with the self-perturbed boil-
ing liquid; said feeding and collecting steps being at
sufficiently high pressure and temperature above ambi-
ent to produce boiling of said trapped separated liquid

- when said upstream end of the matrlx is vented to said

45

“member 30z and at their upper ends to the inner portion

of flange 88, such as at weld points 94. Thus matrix 32
is fixed in position and cannot be dislodged during feed-
ing or flushing. Distributor 58 is supported by bars 96
fixed to pole member 30a and by being fastened directly
to cover 82 such as at welds 98.

" The method of this invention requires delivering feed
;to the matrix through an inlet 100, FIG. 4, and collect-

50
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mg the separated fluid at the outlet 102, and accumulat- -

ing the equivalent of one matrix volume or more be-
“tween the matrix and the outlet on the downstream side

of the matrix 104. Periodically when the matrix effi-

ciency begins to suffer from loading, the magnet is de-
~energized, the outlet is closed, 106, and the feed 1s
- stopped, 108. A pressure increase 1s then introduced to

the accumulated fluid, 110, to drive it back through the
- matrix, 112, and the matrix outlet IS vented to permlt the

back-flushing to occur.’

Additionally, for improved eleansmg actton, a pertur- |

'-batlon fluid may be mtroduced mto the accumulated

60
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lower pressure. |

2. A back-flushing method for a magnetlc separator
comprising: feeding above ambient pressure and tem-
perature a liquid medium to be separated through an
inlet to the upstream end of a ferremagnetlc matrix;

establishing a magnetic field in said matrix; collecting o

the separated liquid above ambient pressure and tem-

‘perature through an outlet from the downstream end of -

the matrix; accumulating at least one matrix volume of
the separated liquid at above ambient pressure and tem-
perature adjacent the downstream end of the matrix

between the matrix and the outlet; closing the outletand =

trapping the accumulated liquid between the matrix and-

the outlet; removing said magnetic field; stopping feed- - -

ing of the medium at the upstream end of the matrix;
and venting the upstream end of the matrix to lower
pressure to cause the accumulated trapped liquid to boil -
and establish increased vapor volume downstream of
the boiling liquid to drive it upstream through the ma-
trix, and back-flush the matrix with the self-perturbed
boiling liquid, said feeding and collecting steps being at
sufficiently high pressure and temperature above ambi-.
ent to produce bmhng of said liquid when said upstream

end of the matrix is vented to said lower pressure.

3. A self-flushing magnetic separator method com-

~ prising: feeding the liquid medium to be separated

through an inlet to the upstream end ef a ferromagnetlc |
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matrix; establishing a magnetic field in said matrix; col-
lecting separated liquid through an outlet from the
downstream end of the matrix; accumulating at least
one matrix volume of separated liquid adjacent the
downstream end of the matrix between the matrix and
said outlet; closing said outlet and trapping the accumu-
lated separated liquid between said downstream end of
the matrix and the closed outlet; stopping feeding of

liquid medium to the upstream end of the matrix; re-
moving said magnetic field; and increasing the pressure
on the trapped accumulated separated liquid and vent-

ing the upstream end of the matrix to a flush outlet to
urge said trapped and accumulated separated liquid {o
flow through and back-flush the matrix, and

wherein said step of increasing the pressure on the

trapped separated liquid includes causing the accu-
mulated and trapped liquid to boil by slowly vent-
ing the upstream end of the matrix through said
flush outlet to reduced pressure and thereby in-
crease the vapor volume downstream of the
trapped boiling liquid to drive it back through the
matrix with increased turbulence.

4. A self-flushing magnetic separator method com-
prising: feeding the liquid medium to be separated
through an inlet to the upstream end of a ferromagnetic
matrix; establishing a magnetic field in said matrix; col-

i0
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lecting separated liguid through an outlet from the
downstream end of the matrix; accumulating at least
one matrix volume of separated liquid adjacent the
downstream end of the matrix between the matrix and
said outlet; closing said outlet and trapping the accumu-
lated separated liquid between said downstream end of
the matrix and the closed outlet; stopping feeding of
liquid medium to the upstream end of the matrix; re-
moving said magnetic field; and increasing the pressure
on the trapped accumulated separated liquid and vent-
ing the upstream end of the matrix to a flush outlet to

urge said trapped and accumulated separated liquid to
flow through and back-flush the matrix and wherein
said step of increasing the pressure on the trapped sepa-
rated liquid includes causing the accumulated and
trapped liquid to boil by slowly venting the upstream
end of the matrix through said flush outlet to reduced
pressure and thereby increase the vapor volume down-
stream of the trapped boiling liquid to drive it back
through the matrix with increased turbulence and fur-
ther including introducing into the accumulated and
trapped separated liquid a perturbing fluid at increased
pressure to increase turbulence in the trapped accumu-

lated liquid as it back-flushes the matrix.
* * *
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